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PARALLEL PLATE PLASMA CVD 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a parallel plate plasma 
CVD (Chemical Vapor Deposition) apparatus, and in 
particular, to a parallel plate plasma CVD apparatus used in 
production of a titanium oxide thin ?lm, Which is used for 
a microWave monolithic IC (hereinafter referred to as 

MMIC). 
2. Description of the Related Art 
Various methods for forming metal oxide thin ?lms or 

dielectric thin ?lms have been proposed. Examples of such 
methods are disclosed in, for example, Japanese Patent 
Publication (Kokoku) Nos. 59-37566, 60-12773, and 
7-25545. Included in these publications is a report that a 
titanium oxide thin ?lm can be formed using a CVD process. 
HoWever, to carry out this method the substrate temperature 
must be high, for example, 500° C. or more, during the ?lm 
deposition step. This adversely affects the underlying sub 
strate used for the device formation as Well as other devices 
formed on the substrate. For example, if the temperature is 
high When MMIC capacitors are formed, characteristics of 
the underlying substrate such as GaAs and transistors dete 
riorate. To reduce this problem, a ?lm deposition method 
Which uses plasma generated in a deposition chamber during 
a CVD process (herein after referred to as a plasma CVD 
process) has been frequently used. 

In a conventional parallel plate plasma CVD apparatus 
using a radio-frequency generator (13.56 MHZ), a gaseous 
mixture is supplied into a gloW discharge region betWeen a 
top electrode (a radio-frequency input electrode) and a 
bottom electrode (a ground electrode), and activated for 
reaction in the mixture to deposit a ?lm on a substrate 
located on the bottom electrode. The plasma must have a 
considerably high poWer density to decompose the gases 
sufficiently. 

HoWever, since the surface of the substrate on Which the 
?lm is deposited is located near the plasma generation 
region, high-energy particles generated by plasma discharge 
frequently attack the substrate surface. This may cause 
deterioration of ?lm characteristics, that is, the ?lm may be 
damaged or deposited abnormally by the impact of particles 
having excessive energy. 

In order to solve the problem, proposals have been made 
to moderate the particle impact by, for example, controlling 
the self-bias near the substrate. For example, J. W. Coburn 
et al. disclosed a method for controlling ions and radicals 
incident on the substrate by applying a direct current ?oW 
Without grounding the bottom electrode supporting the sub 
strate in J. Appl. Phys., 43, 4965 (1972). A. Matsuda et al. 
disclosed a triode con?guration consisting of parallel plate 
electrodes and a mesh electrode interposed therebetWeen in 
Thin solid Films, 92, 171 (1982). 

FIG. 3 is a schematic vieW illustrating the fundamental 
components of a conventional triode-type plasma CVD 
apparatus. A bottom electrode 2 and a top electrode 3 are 
arranged opposite to one other in a reaction chamber (not 
shoWn). The bottom electrode 2 is connected to an external 
DC electrical poWer source 4. A substrate S on Which a 
dielectric thin ?lm is to be formed is placed on the bottom 
electrode 2. The top electrode 3 is connected to a radio 
frequency generator 5. A grooved mesh electrode 6 is 
located betWeen the bottom electrode 2 and the top electrode 
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2 
3 and a DC bias current is applied betWeen the mesh 
electrode 6 and the bottom electrode 2. 

In all of the above-mentioned methods for moderating 
particle impact, the bottom electrode must ?oat electrically. 
HoWever, as shoWn in FIG. 3, the bottom electrode of the 
conventional plasma CVD apparatus is generally connected 
to the body of the reaction chamber and grounded. Thus, the 
conventional plasma CVD apparatus cannot be used to carry 
out the foregoing methods. 

Accordingly, there is a need for a parallel plate plasma 
CVD apparatus Which moderates damage to the substrate 
during the ?lm deposition process, forms high-quality 
dielectric thin ?lms, and permits the use of a modi?ed 
conventional plasma CVD apparatus. 

SUMMARY OF THE INVENTION 

The present invention is directed to a parallel plate plasma 
CVD apparatus that satis?es this need. The parallel plate 
plasma CVD apparatus comprise a radio-frequency 
generator, a reaction chamber, a bottom electrode provided 
in the reaction chamber and grounded, a top electrode 
provided opposite to the bottom electrode in the reaction 
chamber and connected to the radio-frequency generator, a 
mesh electrode provided betWeen the bottom electrode and 
the top electrode in the reaction chamber; and one of a 
resistor and a capacitor electrically connected betWeen the 
bottom electrode and the mesh electrode. 

In the parallel plate plasma CVD apparatus in accordance 
With the present invention, the mesh electrode and the 
bottom electrode are electrically connected to each other 
With a resistor or capacitor provided therebetWeen, the 
plasma generated betWeen the top electrode and the mesh 
electrode has high effective poWer. Since the plasma dis 
charge region and the thin ?lm deposition region are spa 
tially separated from each other by the mesh electrode, the 
particle impact on the thin ?lm deposition surface is con 
trolled by a potential of the mesh electrode even When the 
plasma density is increased for decomposition and reaction 
of the material gas. Thus, the use of the apparatus in 
accordance With the present invention decreases the tem 
perature for the formation of thin ?lms compared With 
conventional CVD process, for example, permits the depo 
sition of a titanium oxide thin ?lm at a temperature of 350° 
C. or less. Consequently, a thin ?lm having a high dielectric 
constant and reduced leakage can be formed at a loW 
temperature. In the device production, adverse effects on the 
substrate and other circuits are also suppressed. In the 
parallel plate plasma CVD apparatus in accordance With the 
present invention, the bottom electrode is grounded, hence 
the present invention can be achieved by diverting a general 
plasma CVD apparatus. 

In the parallel plate plasma CVD apparatus in accordance 
With the present invention, the resistor preferably has a 
resistance of 1 M9 or less. 

A thin ?lm having satisfactory characteristics is deposited 
using a resistor having a resistance of 1 M9 or less. 

In the parallel plate plasma CVD apparatus in accordance 
With the present invention, the capacitor preferably has an 
electrostatic capacitance of 1 pF or less. 
A thin ?lm having satisfactory characteristics is deposited 

using a capacitor having an electrostatic capacitance of 1 pF 
or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there is 
shoWn in the draWings several forms Which are presently 
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preferred, it being understood, however, that the invention is 
not limited to the precise arrangements and instrumentalities 
shoWn. 

FIG. 1 is a schematic vieW illustrating an embodiment of 
a parallel plate plasma CVD apparatus in accordance With 
the present invention. 

FIG. 2 is a schematic vieW illustrating another embodi 
ment of a parallel plate plasma CVD apparatus in accor 
dance With the present invention. 

FIG. 3 is a schematic vieW illustrating a fundamental 
components of a conventional triode plasma CVD appara 
tus. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, the preferred embodiments of the present 
invention are explained in detail With reference to the 
draWings. 

FIG. 1 is a schematic vieW illustrating a ?rst embodiment 
of a parallel plate plasma CVD apparatus constructed in 
accordance With the principles of the present invention. The 
plasma CVD apparatus 10 includes the fundamental com 
ponents of a conventional parallel plate plasma CVD appa 
ratus. Thus, the plasma CVD apparatus 10 has a reaction 
chamber 12 in Which grounded bottom electrode 14 and a 
top electrode 18 (connected to an RF generator 22) is 
arranged. A substrate S, on Which a dielectric thin ?lm is to 
be formed, is placed on the bottom electrode 14. A gas inlet 
30 is provided in the top electrode 18. The gas inlet 30 
includes a plurality of openings arranged in a matrix in the 
top electrode 18 and introduces material gases into the 
reaction chamber 12. 

In this plasma CVD apparatus 10, a mesh electrode 20 is 
arranged betWeen and generally parallel to the bottom 
electrode 14 and the top electrode 18. The mesh electrode 20 
is preferably a netWork electrode provided With a plurality of 
openings, and is formed of a SUS304 expand metal 
(Japanese Industrial Standard) having a rhombic netWork of 
7 mm by 14 mm. The area betWeen the top electrode 18 and 
the mesh electrode 20 provide a gloW discharge space for 
generating plasma. 
Avacuum pump 31 is connected to the reaction chamber 

12 to maintain the atmosphere in the reaction chamber 12 at 
a desired loW pressure. 

A variable resistor 24 connects the bottom electrode 14 
and the mesh electrode 20. Changing the resistance of the 
variable resistor 24 controls the potential of the mesh 
electrode 20. By selecting an optimiZed resistance, Which is 
dependent on the ?lm deposition conditions and the applied 
poWer, a high-quality ?lm can be produced. Preferably, the 
resistance of the variable resistor 24 can be adequately 
controlled Within a range of, for example, 1 M9. 

The components not described here are common to that of 
the conventionally used plasma CVD apparatus. 

The materials for the mesh electrode 20 is not limited to 
the above description, and thus may include various types of 
materials Which do not cause contamination of the thin ?lm. 
The shape and siZe of the netWork of the mesh electrode may 
be selected to ensure that the decomposed gas reaches the 
surface of substrates. 

In the deposition of a dielectric thin ?lm using the plasma 
CVD apparatus 10, the substrate S is placed on the bottom 
electrode 14 in the reaction chamber 12. While evacuating 
the reaction chamber 12 to a predetermined pressure using 
the pump 31, the heater 16 heats the substrate S to a desired 
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temperature. A source gas is vaporiZed by a vaporiZer (not 
shoWn) and is mixed With oxygen. The mixture is introduced 
into the reaction chamber 12 through a gas inlet 30. At the 
same time, a radio-frequency voltage of 13.56 MHZ is 
applied to the top electrode 18 to cause plasma in the gloW 
discharge region 32 betWeen the top electrode 18 and the 
mesh electrode 20. The plasma passes through the openings 
of the mesh electrode 20 and is deposited on the substrates. 
The source gas is decomposed and alloWed to react in such 
a manner that the reaction products deposit on the substrate 
S to form a dielectric thin ?lm. 

According to the present invention, the mesh electrode 20 
is disposed betWeen the top electrode 18 and the bottom 
electrode 14. Since the mesh electrode 20 is located closer 
to the top electrode 18 than the bottom electrode 14, the 
space charge density (amount of charge per unit area) of the 
plasma in the gloW discharge region 32 betWeen the top 
electrode 18 and the mesh electrode 20 is increased. This 
increases the effective poWer of the plasma generation, and 
makes it possible to carry out the vapor deposition at a 
relatively loW temperature. 
The particles of plasma are then passed through the 

openings of the mesh electrode 20 and enter the region 
betWeen the mesh electrode 20 and the bottom electrode 16. 
Since the variable resistor 24 is connected betWeen the mesh 
electrode 20 and the bottom electrode 16, the force of the 
collision of the particles in the plasma onto the groWth 
surface of the thin ?lm deposited on the upper surface of 
substrate S can be controlled by adjusting the bias voltage of 
mesh electrode 20 using the variable resistor 24. 

FIG. 2 is a schematic vieW illustrating a second embodi 
ment of the parallel plate plasma CVD apparatus in accor 
dance With the present invention. The plasma CVD appa 
ratus 10 shoWn in FIG. 2 is different from that shoWn in FIG. 
1 only in that a capacitor 26 is used in lieu of the variable 
resistor 24. By changing capacitor 26, it is possible to 
change the mesh potential. It is possible to optimiZe the 
electrostatic capacitance to match the ?lm deposition con 
ditions to result in an applied poWer Which is capable of 
forming a high-quality ?lm. Avariable capacitor may also be 
used. 

EXAMPLES 

Examples of production of thin ?lms using the parallel 
plate plasma CVD apparatus in accordance With the present 
invention Will noW be described. 

Example 1 includes the formation of a titanium oxide thin 
?lm under the conditions shoWn in Table 1 using the parallel 
plate plasma CVD apparatus 10 shoWn in FIG. 1, While 
setting the resistance of the variable resistor 24 to 1 k9. 
Ti(O-i-C3H7)4 Was used as a Ti source. Since this material 
Was liquid at room temperature, it Was heated to a tempera 
ture of 40° C. to 45° C. to cause vaporiZation of the liquid, 
and Was transferred by bubbling of a carrier gas into the 
liquid source. Ar Was used as a carrier gas. N2 gas may also 
be used. 

TABLE 1 

RaW material Ti (O—i-C3H7)4 
Temperature of material 40 to 450 C. 
Ar carrier gas flow rate 20 to 50 CCM 
O2 gas flow rate 20 to 30 CCM 
Pressure of deposition chamber 0.2 to 0.4 Torr 
Substrate temperature 3500 C. 
PoWer for generating plasma 100 W 
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TABLE l-continued 

20 to 25 mm 

120 to 180 min. 
Distance between electrodes 
Film deposition time 

Electrodes having a diameter of 0.5 mm (and an area of 
1.96><10_3 cmz) were formed, the thickness, electrostatic 
capacitance, relative dielectric constant, dielectric loss (tan 
6) and insulation resistance (logIR) of the resulting titanium 
oxide thin ?lm were determined. The results are shown in 
Table 2, wherein the electrostatic capacitance and the dielec 
tric loss are values for 1 MHZ, and the insulation resistance 
is a value for an applied voltage of 1 V. 
As a comparative example, a titanium oxide thin ?lm 

formed at a resistance of 0 was subjected to the measurement 
with the same condition. The results are also shown in Table 
2. 

In Example 2, the parallel plate plasma CVD apparatus 10 
shown in FIG. 2 was used and a titanium oxide thin ?lm was 
formed under similar conditions, while setting the capaci 
tance of the capacitor 26 at 0.7 MP. The characteristics of the 
resulting titanium oxide were measured as described above. 
The results are also shown in Table 2. 

TABLE 2 

Value of 
series thick- Electrostatic Relative 
capacitor or ness capacitor dielectric tan a logIR 

Example resistor (nm) constant (‘70) 110 R = 1 kg 225 367.3 46.6 2.3 8.1 

2 C = 0.7 ,uF 205 278.8 32.2 2.1 9.4 
Comp. R = 0 225 416.9 52.8 8.9 9.3 
Exp. 

As shown in Table 2, dielectric ?lms obtained using the 
parallel plate plasma CVD apparatus 10 constructed in 
accordance with the principles of the present invention have 
an excellent dielectric loss (tan 6) and other properties. 
As explained above, the parallel plate plasma CVD appa 

ratus constructed in accordance with the principles of the 
present invention has a con?guration in which the grounded 
bottom electrode is connected to the mesh electrode by a 
resistor or capacitor. Thus, the commonly used parallel plate 
plasma CVD apparatus can be easily modi?ed to conform to 
the principles of the present invention. Further, when the 
power density of the plasma is increased and the potential of 
the mesh electrode is simultaneously controlled, a titanium 
oxide ?lm as a dielectric thin ?lm having a high dielectric 
constant and a high insulating resistance is obtainable at a 
temperature of 350° C. or less. Consequently, damage of the 
substrate and other devices by heat or high energy particles 
is suppressed in the formation of the dielectric thin ?lm, and 
high-quality devices such as a MMIC are obtainable. 
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While preferred embodiments of the invention have been 

disclosed, various modes of carrying out the principles 
disclosed herein are contemplated as being within the scope 
of the following claims. Therefore, it is understood that the 
scope of the invention is not to be limited except as 
otherwise set forth in the claims. 

What is claimed is: 
1. A parallel plate plasma CVD apparatus comprising: 

a radio-frequency generator; 

a reaction chamber; 

a grounded bottom electrode located in the reaction 
chamber; 

a top electrode opposing the bottom electrode in the 
reaction chamber and connected to the radio-frequency 
generator; 

a mesh electrode provided in the reaction chamber 
between the bottom electrode and the top electrode; and 

at least one resistor electrically connected between the 
bottom electrode and the mesh electrode. 

2. A parallel plate plasma CVD apparatus according to 
claim 1, wherein the resistor has a resistance of 1 M9 or 
less. 

3. A parallel plate plasma CVD apparatus according to 
claim 1, further comprising a gas inlet provided in the top 
electrode. 

4. A parallel plate plasma CVD apparatus according to 
claim 1, wherein only one resistor is electrically connected 
between the bottom electrode and the mesh electrode. 

5. A parallel plate plasma CVD apparatus comprising: 
a radio-frequency generator; 

a reaction chamber; 
a grounded bottom electrode located in the reaction 

chamber; 
a top electrode opposing the bottom electrode in the 

reaction chamber and connected to the radio-frequency 
generator; 

a mesh electrode provided in the reaction chamber 
between the bottom electrode and the top electrode; and 

at least one capacitor electrically connected between the 
bottom electrode and the mesh electrode. 

6. A parallel plate plasma CVD apparatus according to 
claim 5, wherein the capacitor has an electrostatic capaci 
tance of 1 ME or less. 

7. A parallel plate plasma CVD apparatus according to 
claim 5, further comprising a gas inlet provided in the top 
electrode. 

8. A parallel plate plasma CVD apparatus according to 
claim 5, wherein only one capacitor is electrically connected 
between the bottom electrode and the mesh electrode. 


